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Table 1 Raw materials and Fuels data

- % B/
TFe/%  NiO/% Ca0/%  MgO/%  Si0,/% AL 03/% P/% S/ KA/ % C/% (Gt
FEI5R — 11. 00 6.00 3.65 15. 15 26. 00 0. 002 0. 02 — — 0
TR 24. 85 — 8.74 0.28 14.98 17.45 0.060  0.27 — — 50
HR RSy — — 27.76 1.51 36. 44 11.72 — 0.75  14.00  77.00 1000
30 ~50 min, A= BR AT LE I 700 P 32 3400 A s Y [ [[(wwmswe | [ #w | [ wwm |
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EAY B IOR TN, (4) 2 FeO HAEE G,
(5) 24 FeO [A] 43R 5, (6) 2y CO, 5 C By
B o
NiO + CO = Ni + CO, (1)
3Fe,0, + CO =2Fe,0, + CO, (2)
Fe,0, + CO =3Fe0 + CO, (3)
FeO + C =Fe + CO (4)
FeO + CO =Fe + CO, (5)
€O, +C =2C0 (6)
BTGRP T AR UK 1,
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Fig.1 Ferronickel extraction process from

nickel sludge
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R AR SEER% A% % A% 4 HIF 3 /KF Ly (3*) 1IR3 IR0 1 5 4R I B 5040
1 A 95 5 4 104 WA 3, MR EER 3 Bl TS o b, SR Mkt O L L %
2 B 95 5 6 106 R IRE o8 P ) AR 25 A ) 522 o 44 e [ 5 [+
3 c 95 5 8 108 JEURR KR 1 4% THE bR K, i Wk 4 5k 5 K6,
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Table 3  Statistics of experimental data
(EXTYIIEE BERETE BB AllE co, FREM 95% SRS IE
] @ T/ i)/ J%EL w5 B [f%ﬁ% Bk, B lg%lf% )riﬁszv ﬁﬁﬁ/, Hes  BURA, RERE C?Z
i o Bl s/ Hits At/ (Gt (kgeest™) o %
mn T % o % % 7 (tt7') (JE-t™') (kgeet™") ()
1 A 1050 40 30 3600 55.52 76.60 4.38 71.93 70.84 425 635 0. 88 527 788 1.09
2 A 1100 45 35 3600 78.27 93.33 5.88 70.90 70.27 522 783 1. 09 531 797 1.11
3 A 1150 50 40 3600 75.76 93.33 3.77 79.51 78.58 467 699 0.97 475 712 0.99
4 B 1050 45 40 3600 68.31 87.50 5.17 67.44 66.69 754 881 1.85 819 957 2.01
5 B 1100 50 30 3600 74.08 91.67 4.47 73.37 72.57 726 848 1.78 752 879 1. 84
6 B 1150 40 35 3600 72.42 86.49 5.71 72.28 71.63 694 810 1.70 762 890 1.87
7 C 1050 50 35 3600 79.12 92.31 4.54 75.36 74.73 934 1129 2. 46 961 1162 2.53
8 C 1100 40 40 3600 74.67 90.91 3.25 79.65 78.77 872 1055 2.30 911 1102 2.40
9 C 1150 45 30 3600 79.92 95.00 1.44 91.92 90.85 790 956 2.08 790 956 2.08
x4 BRI
Table 4 Influence of coal blending
B it L IH] i 2% €O, FERER 95% fh LA IE
FCAELL WA/ i BRI/ *iﬁ&izl-\‘/ feft/ Heis  RUEA/ REkE/ COHERY
/% Bik/w W% (JE-t™") (kgeest™") .
% % tt™h) (Gt (kgeest™') (et
4% 69. 85 87.75 4. 68 70. 62 73.23 471 706 0.98 511 765 1. 06
6% 71. 60 88.55 5.12 67.49 70.30 725 846 1.78 778 908 1.91
8% 77.90 92.74 3.08 80.93 81.45 865 1047 2.28 887 1073 2.34
&= 8.05 4.99 2.04 13.44 11. 15 394 341 1.30 376 308 1.28
RS HBRIEERE R
Table 5 Influence of roasting temperature
B L Il i % y . €O, FEARR 95% AR IE
ISty ket i kAt *iﬁlﬁzli/ i Hios R, BERE. COLHRRL
B/ % Bk/% B/ % (7E-t7") (kegeert ™) .
% % (-7 (OBt™') (kgeest™) (117!
1050 C 67. 65 85. 47 4.70 67.57 70.75 704 882 1.73 769 969 1. 88
1100 C 75. 67 91.97 4.53 71. 88 73.87 707 895 1.72 732 926 1.79
1150 C 76.03 91. 61 3.64 79. 58 80. 35 650 822 1.58 676 852 1. 64
2z 8.39 6.50 1. 06 12. 00 9. 60 57 73 0.16 93 117 0.24
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Table 6 Influence of roasting time
B L mEVES " . €O, FEEER 95% R IE
. L e T RAS RERY \ —— — o
K et [a] BERGTT wesits L RbRA/ fERE/ COHFRY
B/ % B/ % /% (7E-t7") (kgeest™) o .
% % () Geth) (kgeest™) (117t
40 min 67. 54 84. 67 4.45 71.21 73.75 664 833 1.63 734 927 1.79
45 min 75.50 91.94 4.16 74. 30 75.94 689 873 1. 67 713 903 1.73
50 min 76.32 92. 44 4.26 73.53 75.29 709 892 1.74 730 917 1.79
& 8.78 7.77 0.29 3.09 2.19 45 59 0.11 16 24 0. 06
RT BRI A R
Table 7 Influence of grinding time
B L OpE S . . €O, BB 95% I ALIE
- T L —— R, fERE ‘ e ‘
BEymE BEgAIt, . BRAT He,  BURA/ figkes CO R
B/ % R/ % B/ % (76-t71) (kgee-t™!) o .
% % () e (kgeet™) (7!

30 min 69. 84 87.76 3.43 76.25 78.09 647 813 1.58 690 874 1.67
35 min 76. 60 90. 71 5.38 70.24 72.21 717 907 1.75 752 950 1. 84
40 min 72.91 90. 58 4.06 72.53 74. 68 698 878 1.71 735 923 1. 80
W2 6.76 2.95 1.95 6.01 5.88 70 94 0.17 62 76 0.17
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Study on ferronickel extracted from solid waste resources of
nickel-bearing sludge and red mud
JING Wen-bo, HUANG Ru-de, REN Jia-long
(School of Materials Science and Engineering, Baise University, Baise 533000, China)

Abstract; In view of large amount of nickel-containing solid waste stockpiling and high energy consumption and
cost of the existing technology, the paper makes use of strong viscosity of iron-containing red mud, carries out
pelletizing it with nickel containing sludge, and solid medium high temperature direct reduction-grinding magnetic
separation process to extract ferronickel , and conducts the test according to the orthogonal method L, (3*) with four
factors and three levels, and draws the following conclusions. It is feasible to extract ferronickel from iron-
containing red mud and nickel-containing sludge by synergistic reduction after pelletizing. The optimum process
parameters are as follows: coal blending ratio 4% , roasting temperature 1 150 °C, roasting time 45 min, and
grinding time 30 min; under the above conditions, the nickel grade of ferronickel powder is above 75.00% ,
ferronickel grade is above 93.00% , and ferronickel recovery is above 80.00% . According to 95% grade
correction, the material cost is below 475 RMB/t, energy consumption below 712 kgce/t and CO, emission below
0.99 t/t. In the test, it was found that the factors affecting the cost of ferronickel extraction process materials,
energy consumption and CO, emissions were changed in the weakening order: coal blending ratio, roasting
temperature, grinding time and roasting time. Compared with the existing nickel-containing solid waste treatment
process, this process not only realizes the extraction and utilization of ferronickel from nickel-containing sludge and
iron-containing red mud under the conditions of low energy consumption and low emission, but also reduces the
stacking of solid waste. The ferronickel alloy produced can be used for steel enterprises to produce high value-added
stainless steel. The main components of the remaining oxides after reduction are SiO,, Al,O,, CaO and MgO,
which can be used to produce cement raw materials.

Key words: nickel-containing sludge; red mud; ferronickel; roasting and reduction; magnetic separation;

recovery ; energy consumption; CO, emission



